A 6-week experiment on rats was performed to evaluate the growth-promoting and cholesterolaemic activity of olive and linseed oils mixed with pure myristic, palmitic or stearic acids. Each oil was mixed with each acid in a 1:1 w/w ratio. At the end of the experiment, blood was collected by cardiac puncture and total serum cholesterol (TC), HDL and LDL fractions, and serum triacylglycerols (TAG) were estimated. Mixing oils with pure fatty acids resulted in higher body weight gains. The longer the carbon chain of the acid, the higher were the body weight gains of the rats (1.99, 2.39 and 2.57 g per day for C 14 , C 16 and C 18 , respectively). Myristic acid gave the highest level of TC (84.5 mg dl -1 ), while its mean content in pure fatty acids was only 77.34 mg dl -1 . Myristic acid also accounted for the largest increase of TAG content in the case of both oils.
INTRODUCTION
High serum cholesterol levels are known to be one of the major risk factors for coronary heart disease (Flickinger and Huth, 2004) . The triacylglycerol level is also a probable independent risk factor for this condition (Benz and Sutter, 2004) . Both cholesterol and triacylglycerol levels are largely food/feed dependent and fat and its fatty acid composition seem to be one of the most important factors (Nagata et al., 2004) .
Many experiments have been performed to establish how particular fatty acids affect blood cholesterol levels. Generally, it has been found that saturated fatty acids (SFA) are hyper-, and polyunsaturated fatty acids (PUFA) are hypocholesterolaemic (Dorfman et al., 2005) . The cholesterolaemic activity of monounsaturated fatty acids (MUFA) is still not precisely established (Nielsen et al., 1995; Rajaram et al., 2001) .
Experiments on the effect of fatty acids on cholesterol levels are usually performed using natural fats, which are mixtures of various fatty acids and may contain other bioactive substances that can modify their effects (Trautwein et al., 1999; Perona et al., 2003) . Only a few experiments have been carried out with synthetic fatty acids (Hanczakowski et al., 2004) or synthetic triacylglycerols (Nagata et al., 2004) . The results of the former study suggested that pure saturated fatty acids (C 12 -C 18 ) were not hypercholesterolaemic when compared with olive oil, the main component of which is oleic acid (C 18:1 ).
The aim of this study was to determine the cholesterolaemic activity of natural oils (olive or linseed oil) when mixed with pure saturated fatty acids.
MATERIAL AND METHODS

Diets
Eight experimental diets were prepared. In the first virgin olive oil was the only fat source. In diets II-IV, half of the olive oil was replaced by myristic, palmitic or stearic acid, respectively. Pure linseed oil was the fat source in diet V, and half of it was replaced by synthetic acids in diets VI-VIII. Each diet contained 10% fat. The composition of the diets (according to Eggum, 1973 ) is given in Table 1 . 
Rats
Eight groups of 50-day-old male albino rats, each weighing about 160 g at the beginning of the experiment, were kept individually in plastic cages and had free access to feed and water. Each group comprised six animals. Body weight was measured at the beginning and the end of the experiment and feed consumption was measured daily.
Blood sampling
After the 6 weeks of the experimental period were completed, the rats were fasted overnight (12 h) and anaesthetized with thiopental (Biochemie GmbH, Vienna). Blood was collected by cardiac puncture and serum samples were separated by low-speed centrifugation (1500 g for 15 min).
Chemical analyses
Fatty acids were analysed as methyl esters in a 25 mm id × 30 m long fused silica SP 2330 capillary column (Supelco Inc., Bellefonte, USA) using a HewlettPackard gas chromatograph model 5890 equipped with a flame ionization detector.
The total cholesterol (TC) content of rat blood serum was assayed enzymatically according to Allain et al. (1974) and its high-density lipoprotein fraction (HDL-C) according to Warrick et al. (1982) . The low-density lipoprotein fraction (LDL-C) was calculated as the difference between TC and HDL-C. The serum triacylglycerol (TAG) content was estimated according to McGowan et al. (1983) .
Statistical analysis
Statistical analysis of treatment effects was conducted by two-way analysis of variance (MANOVA) with comparison of means by Duncan's multiple range test at P<0.05 and P<0.01 levels of significance using the Statistica v 5.1 package.
RESULTS
The fatty acid content of the experimental diets was generally the mean of the main fatty acids of the oils used, oleic in the case of olive oil diets and linoleic in the case of linseed oil diets, and the added synthetic acid (Table 2) . The rats ate all of the diets willingly, but the diets containing the higher acids (C 16 and C 18 ) were consumed slightly better than others (Table 3) . Mixing oils with synthetic acids resulted in higher body weight gains. Generally, the longer the carbon chain of the acid, the higher were the body weight gains of rats. These The total cholesterol content in the blood of rats receiving pure linseed oil was lower than that of rats fed with pure olive oil (Figure 1 ). Myristic acid gave the highest level of TC (Table 3) , which was a result of the significantly larger LDL fraction, thus in the case of this acid, the lowest HDL-C, TC ratio was found. Rats fed with myristic acid also had the highest serum TAG content, which was especially apparent in the case of olive oil (Figure 1) . 
DISCUSSION
In experiments on using different fats and their effects on lipid metabolism, no distinct changes in body weights of animals are usually found. Although in an experiment on guinea pigs Fernandez et al. (1996) found differences in final body weights to be about 60 g (about 8%), they were not statistically significant. Our results are not consistent with this rule. The high body weight gains of rats consuming experimental mixtures were probably a result of the high saturated fatty acid content of these diets (about 50% of fat) and greater fat deposition. Greater fat deposition by chickens fed saturated fatty acids was found by Crespo and Esteve-Garcia (2002) . According to these authors, this resulted from unsaturated fatty acids lowering liver fatty acid synthetase activity and, as a consequence, lower fat synthesis. Lower fat deposition by animals receiving unsaturated fatty acids could also result from stimulation of the activity of fatdecomposing enzymes (Sanz et al., 2000) . Less fat deposition and smaller body weight gains of rats consuming unsaturated fatty acids may also be a consequence of more intense thermogenesis and, consequently, higher energy consumption (Javadi et al., 2004) .
All of the diets were eaten willingly, which is contrary to the results of Billet et al. (2000) . They used synthetic triacylglycerols in their experiment on hamsters. The diets were not readily eaten and the animals lost weight. It is possible that these differences resulted from the differences in the compounds and species of animals used.
It is generally accepted that polyunsaturated fatty acids lower blood cholesterol levels (Fernandez et al., 2001; Kris-Etherton, 2003) . According to these authors, linoleic acid is strongly hypocholesterolaemic. Also in this experiment, pure linoleic acid-rich linseed oil accounted for the lower content of TC in the rats' blood than olive oil. Unfortunately, it also accounted for the lower content of the HDL-C fraction.
When compared with linseed oil, olive oil, which is rich in monounsaturated oleic acid, did not elicit an hypocholesterolaemic effect. Also Fernandez et al. (1996) found that olive oil gave a relatively high cholesterol level, especially its LDL fraction. In this experiment, the level of the LDL fraction when olive oil was used was almost the same as with linseed oil, but the "good" HDL fraction was higher.
According to Hegsted et al. (1965) , stearic and oleic acids have no effect on TC, but myristic acid is 4 times as cholesterolaemic as palmitic acid. Also Kris-Etherton (1993) found myristic acid hyper-, while stearic acid rather hypocholesterolaemic. In this experiment, myristic acid mixed with olive oil had hypercholestaerolaemic activity, especially in the case of the LDL-C fraction. Thus, though myristic and palmitic acids were slightly hypercholesterolaemic, the differences were not as significant as those found by Hegsted et al. (1965) .
The cholesterolaemic activity of fats and fatty acids probably depends on the effect of other dietary components. Pronczuk et al. (1994) found that palmitic acid is cholesterolaemic only when cholesterol is present in the diet. In the experiment of Kummerow et al. (1993) , supplementation of diets with magnesium leveled out differences in the cholesterolaemic effect of butter (rich in oleic and palmitic acids) and margarine (rich in oleic and linoleic acids).
CONCLUSIONS
It can be stated in conclusion that addition of pure C 14 -C 18 saturated fatty acids to olive and linseed oils increased the body weights of rats and increased total cholesterol, but not its HDL fraction in blood.
